To facilitate in vitro studies of the immunology of human leishmaniasis, we developed a method of growing pathogenic Leishmania in human monocytederived macrophages. After 6 days of incubation, adherent mononuclear cells were infected with Leishmania donovani amastigotes obtained from infected hamster spleen cells or with L. tropical amastigotes obtained from infected BALB/ c tissue mouse footpad. Forty-eight percent of the macrophages were initially infected, with a mean of 3.0 amastigotes per infected macrophage. After 6 days of incubation, 59% of macrophages were infected and contained 8.8 amastigotes per infected macrophage, representing 2.9-fold multiplication. Electron microscopy revealed the presence of dividing parasites within phagolysosomes. These observations indicate that Leishmania survive and multiply within human monocytederived macrophages despite fusion of secondary lysosomes with the parasitophorous vacuole.
Leishmaniasis is a parasitic disease which poses a major public health problem in several developing nations. The disease is caused by a protozoan which invades and grows within host macrophages. Why some patients (e.g., those with cutaneous infections due to Leishmania tropica) can spontaneously resolve their infections and eliminate the intracellular parasite, whereas other (e.g., those with visceral disease due to L. donovani) experience chronic, disseminated, and even fatal infections, is unknown. One important aspect of virulence in leishmaniasis is the factor which permits the growth of Leishmania in macrophages, cells normally armed with efficient microbicidal capabilities. Studies of the interaction of host cells with Leishmania species pathogenic to humans have utilized in vitro cultures of tumor cells (6, 11, 12) or of macrophages derived from laboratory animals which are not the natural hosts of these species (1, 2, 4, 7, 14) . The importance of investigating the interaction of parasites with macrophages derived from natural hosts is suggested by the possibility that the adaptation of Leishmania species with respect to their survival in macrophages may be highly specific. 2 weeks, during which time supplemented medium containing 10% heat-inactivated fetal calf serum was changed every 3 days. Macrophage cultures were fixed with absolute methanol, stained with Wright stain for 30 s and then stained with 5% Giemsa stain for 2.5 min, and examined by light microscopy (x1,000). The percentage of macrophages that contained amastigotes and the number of amastigotes present per infected macrophage were determined in replicate cultures by counting 200 cells per well.
To determine whether lysosomal fusion with the parasitophorous vacuoles occurred in Leishmania-infected cells, macrophages were labeled with thorium dioxide colloid (Thorotrast; Fellow Testagar, Santurce, Puerto Rico) by the method of Jones and Hirsch (9), without modification.
RESULTS
After removal of nonadherent cells after 6 days of incubation, 145,000 + 32,000 adherent cells per well (mean ± standard deviation of 7 experiments) were enumerated by visual inspection. These cells had the morphological and phagocytic properties of macrophages: they were large (typically between 20 and 60,um in diameter), they had extensively ruffled plasma membranes, they had a large cytoplasmic-to-nuclear ratio, and 95% ingested latex beads during a 1-h incubation. Six days after infection with L. tropica or L. donovani, 120,000 ± 25,000 (seven experiments), macrophages remained adherent per well. The 17% loss of adherent cells was primarily due to cellular disintegration, since less than 2,000 intact macrophages per well Fig. 1 and 2 ). After 6 days of further incubation, 59 ± 19% of macrophages were infected and contained a mean of 8.8 ± 1.9 amastigotes per infected macrophage (10 experiments) ( Fig. 1 and 2 ). This represented a mean increase of 2.9-fold, or 190%, in 6 days. The numbers of amastigotes enumerated in individual macrophages varied considerably on days 6 through 11 of infection (Fig. 3) . Nevertheless, comparison of this percent increase with the expected value of zero if amastigotes did not replicate demonstrated that substantial multiplication of Leishmania had occurred in 6 days. The mean number of amastigotes per infected macrophage and the percent macrophages infected began to decrease by 1.5 to 2 weeks of infection; amastigotes characteristically disappeared from macrophage cultures after 2 to 3 weeks of infection.
Electron microscopy of both L. donovani-and L. tropica-infected macrophages treated with Thorotrast revealed amastigotes dividing within Thorotrast-containing vacuoles (Fig. 4) . (Fig. 4) . The degree of intracellular Leishmania multiplication observed in this system contrasts with the low degree of multiplication (13 to 18%) seen in the L. enriettii-guinea pig macrophage system, the only previously described in vitro system that used a natural host-parasite combination (3, 13) . The system we described therefore can serve as a useful model for investigating INFECT. IMMUN. regulation of intracellular growth of pathogenic Leishmania. Furthermore, the appropriateness of using monocyte-derived macrophages is suggested by the fact that macrophages in many inflammatory lesions, including skin lesions, derive from blood monocytes (16, 17 (Fig. 4) indicates that lysosomal fusion with the parasitophorous vacuoles had occurred. The localization of L. donovani and L. tropica amastigotes to the phagolysosomes of human macrophages is similar to the observations previously described for L. donovani in hamster macrophages (4, 5) and for L. mexicana in mouse macrophages (1). Our observations extend these earlier ones by indicating that pathogenic Leishmania amastigotes also localize to this site in cells of the natural host. Collectively, these studies clearly indicate that Leishmania survives and multiplies intracellularly by some means of resisting digestion by lysosomal enzymes. This contrasts with observations in studies of Toxoplasma gondii and Trypanosoma cruzi, other intracellular protozoa whose behavior has been investigated in murine macrophages. T. gondii survives by preventing lysosomal fusion with the parasitophorous vacuoles and is destroyed if phagolysosomal fusion occurs (9) . T. cruzi may evade lysosomal enzymes by escaping from the parasitophorous vacuole into the cytosol (10) . The ability to culture L. donovani and L. tropica in human macrophages should facilitate immunological investigations in human leishmaniasis.
